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How might intercellular signaling pathways such asRibosomes Rule: Translation,
Ras and Akt influence translation? Clearly, an importantNot Transcription, Is the Primary link is through regulation of eukaryotic initiation factor
4E (eIF4E), a protein that binds the modified guanosineTarget of Two Major Intercellular
residue present at the 5 end of eukaryotic mRNAs (theSignaling Pathways
cap structure) and that is required for initiation of transla-
tion from most mRNAs. Supporting this, phosphoryla-
tion of eIF4E and eIF4E binding protein-1 (4E-BP1) was
reduced in response to drug inhibition leading to Ras orMany investigations have focused on how signaling
Akt blockade, respectively. These results are consistentpathways influence the transcription of specific target
with a reduction in eIF4E activity resulting from inhibitiongenes. However, a new report by Rajasekhar et al.
of signaling activity and with earlier studies of the effectsindicates that the Ras and Akt pathways have a much
of signaling pathways on eIF4E and 4E-BP. eIF4E hasstronger influence on the association of mRNAs with
long been known to be a protooncogene, and has beenpolysomes than on the levels of those mRNAs them-
specifically implicated in Ras-mediated transformationselves.
(Lazaris-Karatzas et al., 1992). A recent report also sug-
gests that eIF4E is a key factor in regulating the expres-Intercellular signaling pathways are central to regulating
sion of proteins related to tumor metastasis (Graff andmetazoan development, and mutations that disturb the
Zimmer, 2003). eIF4E is phosphorylated and upregu-activity or control of these pathways are frequently impli-
lated by Mnk1, a MAPK downstream of Ras (Pyronnetcated in the etiology of cancer. It is a common belief
et al., 1999). Its activity is negatively regulated by the 4E-found in textbooks that intercellular signaling pathways
BPs, which associate with eIF4E in a phosphorylation-primarily influence gene expression by posttranslational
dependent manner; only hypophosphorylated 4E-BPmodification and activation of target transcription
binds and inhibits eIF4E (Gingras et al., 1999). Phosphor-factors.
ylation of 4E-BP is regulated by the Akt signaling path-A new paper in the October issue of Molecular Cell
way. Ribosomal protein S6 kinase (S6K) is also activatedby Eric Holland and his colleagues (Rajasekhar et al.,
in response to Akt signaling.2003) challenges this accepted wisdom and builds a
If effects on translation are relevant to the oncogene-strong case that the immediate and most striking effect
sis that results from alterations in Akt and Ras signaling,of oncogenic activation of the Ras and Akt signaling
then mRNAs involved in cancer biology should be promi-pathways in primary glial progenitor cells is at the level
nent among those whose association with polysomesof translation, with a much more modest effect on tran-
is most dependent upon levels of Akt and/or Ras activity.scription. The glial progenitor cells, called Ntva cells,
This was indeed the case; 78 of 221 known genes impli-were prepared from transgenic mice that express a re-
cated in the analysis have already been associated withceptor for the retrovirus RCAS (thus facilitating gene
glioma and/or other cancers. These include mRNAs en-transfer) and can be induced to form glioblastoma by
coding proteins involved in intercellular signaling, the
activation of the Ras and Akt pathways. In this study,
apoptotic response, cell cycle regulation, and cell adhe-
activation of Ras and/or Akt was achieved by infecting
sion and motility. Fully 19% of the mRNAs recovered
Ntva cells with an RCAS vector containing a constitu-
encode DNA binding proteins, leading to the interesting
tively active form of the relevant gene. The same path- hypothesis that many of the changes in the transcription
ways were downregulated in reciprocal experiments by of genes in response to Akt or Ras signaling comes
treatment with small molecules that inhibit one or more about secondarily to changes in regulation of the trans-
components of each. lation of mRNAs encoding transcriptional factors and
Expression profiling using microarray chips that con- not as a direct consequence of activation of the signal-
tained 12,488 genes was conducted to monitor alter- ing pathways.
ations in gene activity consequent to blockade or activa- The implications of this work extend well beyond can-
tion of the Ras and Akt pathways. When total cellular cer biology, as these signaling pathways regulate many
mRNA was investigated after Ras and Akt blockade, aspects of normal development. The Akt pathway, which
relatively modest changes were observed; the mRNA is activated by insulin, is a central regulator of cell growth
levels of only 12 genes changed by more than 3-fold in Drosophila, and at least some of its effects are medi-
after Ras blockade, and only four mRNAs were altered ated through 4E-BP (Miron et al., 2001). The Ras path-
by more than 3-fold after Akt blockade. However, when way is essential for many decisions concerning specifi-
polysome-associated RNA was examined in the same cation of cell fate and has been studied especially
manner before and after Ras and Akt blockade, dramatic thoroughly with regard to its role in the differentiation
changes in the levels of specific mRNAs were observed. of the R7 photoreceptor cell in Drosophila. The possibil-
Hundreds of mRNAs were lost from the polysome frac- ity that Ras signaling influences translation has not been
tion by factors of more than three, and many were af- examined in this system, although Lk6, the likely Dro-
fected by factors greater than ten. Many of these same sophila ortholog of Mnk1, which phosphorylates eIF4E,
mRNAs were also found to have increased associations has been recovered in a misexpression screen for ge-
with polysomes when the Ras and Akt pathways were netic modifiers of Ras1 (Huang and Rubin, 2000).
constitutively activated. Thus, a profound effect on the An important question that was not addressed in the
relative recruitment of various mRNAs into polysomes present work concerns what characteristics define the
was observed as a consequence of alterations in Ras set of mRNAs that are responsive to Akt and Ras signal-
ing. It is believed that many mRNAs are constitutivelyand Akt signaling.
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translated but that those whose translation is more and toward achieving an accurate and comprehensive
view of the fundamental causes of cancer.tightly controlled possess longer 5 untranslated regions
(UTRs), often containing one or more AUG codons up-
stream of the translational start site. Such complex 5 Paul Lasko
UTRs are often characteristic of mRNAs encoding im- Department of Biology
portant regulatory factors that affect cell growth and McGill University
proliferation. Studies of a few individual mRNAs support Montre´al, Que´bec
the idea that such mRNAs are translationally regulated. Canada
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